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ENVIRONMENTAL EXPOSURE TO LEAD AND CHILDREN’S INTELLIGENCE
AT THE AGE OF SEVEN YEARS

The Port Pirie Cohort Study

« PETER A. BaGHURST. Pu.D.. ANTHONY J. McMichaer. Pu.D., Neiw R. Wice. M.B.. B.S.,
Gratam V. Vimpaxni, Pu.D.. Everyy F. RoBertson, M.B.. Cu.B.. RusserL J. RoBerTs. M.CLiN.PsycH.,
AND SHi-Lu Tong, M.P.H.

Abstract Background. Exposure to lead in early child-
hood 1s thought to resuit in delayed neuropsychologi-
cal development. As yet there is little longitudinal evi-
dence to establish whether these effects persist into later
childhood.

Methods. We measured IQ scores in 494 seven-year-
old children from the lead-smeiting community of Port
Pirie, Australia. in whom developmental deficits asso-
ciated with elevated blood lead concentrations had al-
ready been reported at the ages of two and four years.
Exposure to lead was estimated from the lead concentra-
tions in maternal blood samples drawn antenatally ang at
delivery and from blood samples drawn from the children
at birth (umbilicai-cord blood), at the ages of 6 and 15
months and 2 years. and annually thereafter. Data relating
to known covariates of child deveiopment were collected
systematically for each child throughout the first seven
years of life.

Resuits. We found inverse reiations between IQ at the
age of seven years and both antenatal and postnatal biood
lead concentrations. After adjustment by multiple regres-

XPOSURE 1o low levels of lead in childhood may

result in impaired neuropsychological develop-
ment and classroom performance.' The extent of this
relation. however. after adjustment for the confound-
ing effects of socioeconomic and environmental covar-
iates, has been debated.”'” Taken together, the epide-
miologic studies indicate a moderate inverse relation
between the body burden of lead (measured as blood
or tooth lead concentrations) and the neuropsvcholog-
ical or cognitive performance of children.'®*2 Whether
the effects disappear once lead exposure ceases or
whether early exposure to lead has effects on neuro-
psvchological development that persist into later life is
uncertain. Longiudinal studies are clearly the best
wayv to address this question.

The Port Pirie Cohort Studv began in 1979. Early
results showed considerable interindividual variation
in blood lead concentrations during early child-
hood.”*** with approximatelv one third of the children
in this lead-smelting communitv having concentra-
tions above 25 ug per deciliter (1.21 umol per liter)
on one or more occasions. Mental development was
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sion for sex, parents’ level of education, maternal age at
delivery. parents’ smoking status, sociceconomic status,
quality of the home environment. maternal iQ, birth
weight. birth order, feeding method (breast. bottle, or
both). duration of breast-feeding, and whether the child's
natural parents were living together, the relation with lead
exposure was still evident for postnatal blood samples,
particularly within the age range of 15 months to 4 years.
For an increase in blood lead concentration from 10 ug per
deciliter (.48 umot per liter} to 30 ug per deciliter (1.45
umol per liter), expressed as the average of the concen-
trations at 15 months and 2, 3, and 4 years, the estimated
reduction in the 1Q of the children was in the range of 4.4
points (95 percent confidence interval, 2.2 to 6.6) t0 5.3
points {95 percent confidence interval, 2.8 to 7.8). This
reduction represents an approximate deficit in 1Q of 4 to
5 percent.

Conc usions. Low-level exposure to lead during early
childhocd is inversely associated with neuropsychological
develog ment through the first seven years of life. (N Engt J
Med 1992;327:1279-84.)

found 10 be inversely associated with postnatal blood
lead concentrations at the ages of two and four vears,
after adjustment for confounding factors.®’ It was esti-
mated that a child with a blood lead concentration of
30 ug per deciliter (1.45 umol per liter) had a deficit of
3.3 points (approximately 3.2 percent) on the Bayley
Mental Development Index at the age of two vears,
and of 7.2 points (approximately 6.7 percent) on the
McCarthyv General Cognitive Index at the age of four
vears. as compared with a child with a blood lead
concentration of 10 ug per deciliter (0.48 pmol per
liter). The cohort has now been followed into the pri-
marv-school age range. This paper examines intelli-
gence at the age of seven vears in relation to lifetime
exposure to lead.

METHODS
The Cohort

The onginal studv population comprised 723 singleton infants
born in and around Port Pirie. South Australia. during the three-
vear period from 1979 to 1982. These infants represented an esti-
mated 90 percent of all singleton live births in the community dur-
ing this period. Of the 516 children who remained in the study
through the age of seven years. developmental status (including
intelligence) was assessed in 494 within the specified age range of
seven to eight vears.

Data Collection

Four trained nurse-intenviewers cotlected up to three venous-
blood samples from ecach mother before deliverv. a sample from the
umbilical cord at birth. and capillarv-blood samples from each child
at the ages of 6 and |5 months and 2 vears. and annualiy there-
after.*3* A pilot studv demonstrated that the lead concentrations in
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capillarv-blood sampies. collected according to a stnct protocol.
were highly correlated (r = 0.97) with the lead concentranions de-
rermined 1n venous-blood sampies taken from +7 children who were
two to four vears of age.

At the time of each blood sampling, the nurse-inteniewer also
conducted a structured interview to obtain information on a range
of demographic. psvchosocial. medical. and environmental factors.

Measurement of Blood Lead Concentrations

Blood lead concentrations were measured bv electrothermal
atomization atomic-absorption spectrometrv.”® The analvses were
subject to internal and external qualitv-control procedures. with
consistently satisfactorv results.’* The results were standardized to
a packed-cell volume of 35 percent tor all samples except cord
biood. for which a value of 30 percent was used.

Developmental Assessment

The 1Q of each child was measured under umiform conditions by
means of the revised version of the Wechsler Intelligence Scale for
Children (WISC-R)."" The WISC-R comprises 10 sequenualiv ad-
ministered subscales. Although they do not in themseives measure
discrete neuropsvchological functions. the first five subscales (infor-
mation, similarities. arithmeuc. vocabularv. and comprehension)
are used to estimate a verbal [Q. and the remaining subscales (pic-
ture completion. picture arrangement, block design. object assem-
blv. and coding) are used to estimate a performance 1Q. All chil-
dren were evaluated bv the same research psvchologist. who was
unaware of each child’s lead-exposure status. Although the psvchol-
ogist had also assessed the child's abilities at the ages of two and
four vears. he was not formallv aware of the eariier resuits. The
median age ot the children on the dav of testing was 186 davs after
their seventh birthday (the 25th and 73th percentiles were 132 and
246 davs, respectively).

Covariate Measures

Other factors likelv to confound the relation between lead expo-
sure and [Q, and for which ancillary information was collected,
included socioeconomic status (established with use of Daniel's
Scale of Prestige of Occupations in Australia™), the care-giving
environment (assessed by the Home Observauon for the Measure-
ment of the Environment {HOME) inventory-®). maternai intelli-
gence (measured with the Wechsler Adult Intelligence Scale®), pa-
rental smoxing habits and vears of secondarv education. whether
the parents were living together. the birth weight and birth order of
the chiid, and the durauon of breast-feeding duning infancy.

Statistical Analysis

Statistical analvses were performed on the natural logarithm of
the blood lead concentranon, and all reported mean vaiues are
geometric. For each child. a curve plotting the blood lead concentra-
uon against age was constructed. The lifetime average blood lead
concentration up to a particular age was estimated bv Jdividing the
appropriate area under the curve by the specified age.

The effects of potential confounding factors were investigated by
multiple regression analysis with (log) blood lead concentration as a
continuous explanatory variable. The covanates used in the final
models included sex. birth weight. birth order. feeding method
1breast, bottle. or both). duration of breast-feeding, parents’ level of
education. maternal age at delivery. parents’ smoking status. socio-
economic status. qualitv of the home environment. maternal 1Q,
and whether the child's natural parents were living together.

REesuLTts
Loss to Follow-up

The 207 children born into the cohort but subse-
quently lost to follow-up were similar to the 316 who
remained in the studv with respect to 12 of the 15
variables studied. The socioeconomic status of the
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children lost to follow-up was slightly lower, more of
their mothers smoked (35 percent vs. 27 percent), and
fewer were breast-fed during infancy (32 percent vs. 37
percent). The mean umbilical-cord blood lead concen-
trations for the two groups were almost identical (9.3
vs. 8.9 ug per deciliter [0.45 vs. 0.43 umol per liter]).

Blood Lead Concentrations

The geometric mean lead concentrations in mater-
nal blood collected both antenatally and at delivery,
in cord blood. and in capillary samples collected
throughout childhood are shown (according to quar-
tile) in Table 1. The blood lead concentrations were
highest at the age of two years; by the age of seven
vears the mean values had fallen by over 40 percent.
Lifetime averages at each age are also shown.

Age-Specific Biood Lead Concentration and Children’s IQ

The mean scores for verbal 1Q, performance 1Q,
and full-scale 1Q were 103.1 (95 percent confidence
interval. 101.8 to 104.4), 105.9 (95 percent confidence
interval. 104.6 t0 107.1), and 104.7 (95 percent confi-
dence interval. 103.5 to 106.0), respectivelv. There
was a consistent inverse relation between the blood
lead concentrations and scores on all 1Q scales (Table
2). The mean IQ scores differed bv 2.7 1o 12 percent
between the children with values in the highest and
lowest quartiles for blood lead concentration.

The unadjusted relation between IQ and lifetime
average blood lead concentration at the age of seven
vears is shown in Figure 1. For each IQ scale. there
was an inverse gradient across most of the range
of blood lead concentration. There is a suggestion
that this gradient was less steep at higher exposures
(>20.0 ug per deciliter {>0.97 umol per liter]), but
because of the paucity of children with such exposure
levels, there is greater statistical variability associated
with these higher exposures. The gradient is steeper
for verbal 1Q than for performance 1Q. The propor-
tion of the variance of full-scale IQ that could be
accounted for by the blood lead concentration at dif-
ferent ages {without consideration of the covariates)
varied from 1.4 to 6.1 percent.

QOther Covariates and Chiidren’s IQ

The unadjusted mean IQ scores for subgroups di-
vided according to covariates that may confound the
relation between lead exposure and IQ are shown in
Table 3. Many sociodemographic factors and neona-
tal or infant characteristics were strongly related to the
child’s 1Q, in the anticipated direction. Socioeconom-
ic status, the quality of the home environment, and
maternal intelligence were the variables most strongly
associated with IQ and in simple regression analysis
accounted for 8.4, 12.0, and 13.3 percent, respectively,
of the variance of the full-scale IQ. Sex and birth
order of the child were not significant correlates of 1Q.

In simple regression analvses all measures of blood
lead concentration (antenatal, delivery, and postnatal
averages) were significantly inversely associated with
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verbal. performance. and full-scale
1Q. The inverse relation of the
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Table 1. Mean Blood Lead Concentration {within Quartiles) in Maternal Samples Tak-
en Antenatally ana in Children s Samples at Various Ages.

blood lead concentration to verbal QuasTiLE

BLOOD LEAD CONCENTRATION®

IQ was consistently stronger than \VERAGE
ANTENATAL

1ts relation to performance 1Q. In
multiple regression anaivses ( Table
+1. the etfect of adjusting tor the co-
variates in Table 3 was to attenuate

markedly the apparent association Mean concenmation

itd’ i i Ll 6.2
of the child’'s 1Q with the various "“"” o1
measures of blood lead concentra- n 10.6

tion. In particular. the regression IV ihight 143

coefficients associated with the lead

} . X I (low) —
concentrations in antenatal, deliv- i -
erv. and cord-blood samples be- e -

: IV thighy  —

came insignificant. The covanates

UMBILICAL
CORD AGE

6mo 15 mo Y Iy 4vr Syr 6 v Tyr

micrograms per deciiner

Mean hfenme average concentration

43 83 1.8 136 116 95 83 72 66
T4 126 186 18.6 17.4 14.7 126 112 101
99 168 244 242 124 190 172 147 13.7
15.0 42 344 335 302 265 236 2085 200
— "4 99 e 122 122 11.8 1.2 10.8
- 0.6 (4.3 6.6 7. 7.6 7.0 16 5.7
— 1.5 180 05 17 LS 2 203 197
— 8.4 218 271 82 117 %69 259 248

contributing most to this attenu-
aung effect were those identified
as being most closelv related to 1Q: socioeconomic
status. HOME score. and maternal [Q. However.
for lifetime average blood lead concentrations rang-
ing trom birth through 15 months to birth through
4 vears. there were statustically significant inverse as-
sociations with verbal 1Q and full-scale 1Q. On the
basis of regression analvsis. an increase in blood lead
concentration {rom 10 1o 30 ug per deciliter (0.48 to
1.45 pmol per liter) was associated with a deficit in
verbal [Q that varied according to age from 3.5 t0 6.4
points {3.3 to 6.2 percent), and in full-scale 1Q the
esimated deficit was 4.4 to 3.3 points (4.2 to 3.1 per-
cent). The largest changes in response to adjustment
for covariates were in the relation ot blood lead con-
centration to performance Q.

The estimated linear inverse relation between log
average blood lead concentration and full-scale 1Q,
determined with use of the covariate-adjusted coeffi-
cients at the age of 3 vears in Table 4, is shown
in Figure 2 (there are similar relations at other
ag~y, but the age of 3 is centrally located in the
range of apparently maximal sen-
siuvity — |3 months to 4 vears
of agej. The giris were more sen-
siive to the etfects of lead than

*To conven values 1or iead (o micramoies per hiter. divide by 20 7

tions. However, the apparent sensitvity of the compo-
nents of the WISC-R to the blood lead concentration
differed. The associations between lifetime average
blood lead concentratuon and the information and
block-design subscales were stronger than those for
any other subscales (Table 3).

DiscussiON

These results indicate that the inverse associations
between blood lead concentration and indexes of de-
velopment reported earlier for this cohort®’ persist
into the primarv-school vears. The strong correlation
(r = 0.63. P<0.001) of the full-scale IQ at the age of
seven vears with the McCarcthv General Cognitive In-
dex at the age of four vears® indicates that many of the
children who scored poorly initially have not had great
improvements in their overall ranking by the age of
seven vears.

Two prospective studies have found that the lead
concentration in the umbilical-cord blood is predictive
of developmental progress in early childhood.”* How-

Table 2. Mean Verbal. Performance. and Full-Scale IQ Scores of the Seven-Year-
Oid Subjects. According to the Quartile for Blood Lead Concentration

at Vanous Ages.*

were the bovs. For an increase

. . AVERAGE Lwmsiticat
in blood lead concentration from Quannie ANTENATAL Corp Aca
10 pg per deciliter (0.48 pmol 6 mo 15 mo Iy Syr Ty
per liter) to 30 ug per deciliter Verbal 1Q score
{1.45 umol per liter). the expect- I (low) 107.3 106.9 107.9 107.9 109.0 108.4 108.2
iate-adiust | 103.9 104.6 102.8 105.4 104.4 104.5 106.4
.Cd covariate-adjusted Siccrcmcm 1 102.8 9.4 101.7 101.0 100.7 102.2 100 8
in full-scale 1Q was 7.8 points IV (high) 986 101.7 980 998 985 %8 971
for the girls and 2.6 points for Performance 1Q score
the bovs. Ltlow) 108.2 108.7 109.5 109.2 109.6 108.7 109.4
’ i 107.0 106.1 106.0 106.7 107.8 106.8 107.9
. m 107.0 103.4 104.1 104.7 103.8 108.6 105.0
Si'g":’ ::'d ::;"":"'b“ Analyses of IV (high) 101.4 1058 1024 1029 1018 1016 1009
ubscale re Full-scale 1Q score . o
; ivari . I tlow) 108.5 108.4 109.4 109.3 10.2 109. 109.
Simple E,md multivariable anal " 105.7 105 8 104.7 106.5 106.5 106.1 107.7
vses of WISC-R subscale scores i 105.1 101.3 1029 1029 1022 1041 1027
showed that the mean subscale IV (high) 98 103.9 100.0 101.3 100.0 98.8 98.7

scores varied inverselv with the life- o —

except for the of perform-

time average blood lead concentra-

were v (P<0 0l)inevery

ance 1Q scores with cord-blood lead concenn’tnom'(P =005
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ever. in a subsequent report from one of these studv
groups. the scores of the children on the McCarthy
Scales of Children’s Abilities at the age of 57 months
were inversely related to the blood lead concentration
at 24 months of age, but not to the umbilical-cord
blood lead concentration.-* This result is compatible
with our overall finding of no significant relation be-
tween [Q and antenatal or perinatal blood lead con-
centration after other covariates are taken into ac-
count.

The conclusions reached in this study are likelv to
be conservative for several reasons. First. the chil-
dren remaining in the cohort had slightly more advan-
taged backgrounds than those lost to follow-up.
Since children from disadvantaged families mav be
more vulnerable to the effects of lead than those
from more favorable backgrounds.”’' the inverse re-
lation of lead to 1Q might have been stronger among
the children lost to follow-up than among those re-
maining in the cohort. Second. the use of certain co-
variates in multivanate analvses mav resuit in an
overadjustment in studies of the association between
lead and 1Q.**!* Parental smoking status. the quality
of the home environment. and maternal [Q mayv
themselves contribute to a child's lead burden,*>*"
in which case some of the true effect of lead would
have been removed bv controlling for these tactors.
Third. randomly distributed imprecision or misclassi-
fication in the measurement of lead exposure (or its
confounders) will bias the estimate of the etfect toward
the nuil valye.®

Although the esumates presented here are likelv to
be conservative for the reasons described above. the
possibilitv that we did not completelv control for posi-
tive confounding variables and subsequentlyv overesti-
mated the true effect cannot be completelv eliminated.
For example. the developmental effects of anemia
could bias the studv.**** After the exclusion of the 10
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Figure 1. Lifetime Average Blood Lead Concentration and 1Q at
the Age of Seven Years.
To convert bicod lead concentrations to micromoles per liter,
divide by 20.7.
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Table 3. Effect of Potenua!l Confounaing Vanables on Mean 1Q
Scores at the Age of Seven Years.*

CovamiaTE 8L0OOD LEADT VERBAL IQ  PERPORMANCE IQ  FULL-SCALE IQ
ppd

Sex

Male 17.2 104 4209 105.9%1.0 105.4%0.9

Female 17.0 102.1=0.9 106.0=0.9 104.320.9
Mother's education levei:

<3 yr 18.2 100 0=0.8 1034209 101.7=0.8

>3yr 15.5 106 720.9 108.8=0.9 108.4=0.9
Father's education leveiz

<3 yr 17.2 101 2=1.0 104 8=1.0 103.0=0.9

>3 vr 16.1 106.6=09 108.6=0.9 108.3=0.9
Mother's age at child’s birth 1vr)

<23 19.2 101.0=1.2 104.5=1 2 102.8=1.2

23-28 16.2 1029=1.1 106.1=1.0 104 8=1.0

>28 16.4 105.6=1 1 107.1=1.1 106.8=1.1
No. of parents smoking

None 15.9 105.5=09 107.6=0 8 107.1=0.8

One 174 101.3z1 ¢ 104.1=1.2 102.7=1 ¢

Both 192 99 7=18 1043216 102.0=1.7
Sociveconomic status

Lower 20.7 98.0=1( 1 102.421.2 99 9=1.)

Middle 6.6 102.9=1 3 1042=1.2 103.8=1.3

Higher 151 106.6=0.9 109.1=1.0 108.5=0.9
HOME scores

<0 197 96.5=1.1 100.3=1.1 98.0=1t.1

40-45 17.4 105.7=10 108.5=0.9 107.6=0.9

>35 14.1 107.5=1.2 108.9=1.3 108.9=1.2
Mother's 1Q

<35 207 97.1=1.1 996=1.6 97 8=1.3

85-95 17.0 101.0=1.2 106.1=1.3 103.6=1.2

>95 15.5 110.6x1.0 111.5=1.0 121=1.0
Birth weight (g)

<2500 19.2 99.2=3.4 102.1=3.7 100.5=3.6

2500-3500 17.6 102.4=0.9 104.7=0.9 103.7=0.9

> 3500 16.2 104.6=0.9 107.9=1.0 106.7=0.9
Birth order

Ist 17.3 103.2=0.9 105.8=1.0 104.820.9

nd 16.6 102.7=1.2 106.8=1.1 105.0=1.1

*3rd 16.4 103.4=1 .4 105.0=1.4 104421 .4
Feeding style

Breast 15.7 106.6=1.0 108.4=1.0 108.1=1.0

Mixed 147 105.4=2.3 105.0=2.7 105.6=2.6

Bottle 18.4 100.3=0.9 104.220.9 102.2=0.8
Months of breast-feeding

1] 19.0 98.3=1.3 103.0=1.4 100.4=1.3

1-6 17.4 102.7=09 105.2=09 104.2=0.9

>6 15.5 106.6=1.1 108.8=1.1 108.3=1.1
Parents living together

Yes 16.6 103.5=0.7 106.4x0.7 105.3=20.7

No 203 100.8=1.8 102.4=19 101.5=1.8

*Plus-minus vaives are means = SE.

*Values are the lifenme sversge biood lead concentranons at the age of seven vears. To
convert values for iead to mucromoies per liter. divide by 20.7.

IYears refer 1o the number of vears of high school compieted

children who had a packed-cell volume of less than 34
percent at the age of seven vears. however. the esti-
mated regression coefficients for the blood lead con-
centrations changed little.

Because a child with a high blood lead concen-
tration at one age is likely to have high concentra-
tions at other ages (a phenomenon referred to as
“tracking™), it is difficult to determine critical or
sensitive periods for the effects of lead. However.
the maximal effect of lead on I1Q was found for life-
time average blood lead concentrations from birth
10 any age between 13 months and 4 years. This sug-
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gests that exposure to lead in the preschool age range
has a maximal effect on 1Q.

Among the WISC-R subscales. the information and
the block-design subscales were the most sensitive to
the effects of lead. Since the information subscale may
be culturally dependent. its effects on the relation of
the more objective block-design scores to the blood
lead concentration were tested by including the infor-
mation score as an additional covariate in the regres-
sion model. The association between log blood lead
concentration and the block-design scores was only
partiallv attenuated (regression coefficient. —1.00: 93
percent confidence interval. —0.42 to —1.58), which
dispels the nouon that the results are an artifact of the
cultural environment. The block-design subscale tests
a person’s perceptual organizaton and synthesis. spa-
tial visualizaton. nonverbal concept formation. and

120
Girls .
110 4 All chiidren
Boys
o
100 4
90 ~—r

1 10 100
Lifetime Average Blood Lead (ug/d!)

Figure 2. Estimated Relation between Fuil-Scale 1Q at the Age of
Seven Years and the Lifetime Average Blood Lead Concentration
up to the Age of Three Years.

The line of best tit is shown. as estimated by muitiple regression
anatysis. To convert blood lead concentrations to micromoles per
liter. divide by 20.7.

visual motor coordination. It also reflects the degree to
which right and left cerebral functioning is integrat-
ed.*® Impaired spatial discrimination has also been
reported in adult monkeys exposed to low levels of
lead for long periods.”’

The results indicate that the deleterious effects of
environmental lead are not large, and that only
a small fraction of the overall variation in IQ can
be attributed to lead exposure. Nevertheless. the so-
cial consequences of such an effect are not negligi-
ble. If a child with an IQ of less than 80 requires
educational assistance. then the number of children
requiring assistance in a community whose children
are expected to have a mean 1Q of 105 will be dou-
bled if the mean is reduced by approximately 5 per-
cent as a result of lead exposure. Health authorities in
the United States have recentiy estimated that for
each reduction of 1 ug per deciliter (0.05 umol per
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Table 4. Adjusted Coefficients of Log Lifetime Average Blood
Lead Concentration from Multipie Regression Analyses of 1Q
Scores at the Age of Seven Years.*

Time Brooo
SAMPLE OBTAINED VERBAL IQ PerromMance IQ FuLL-ScaLe 1Q
Before birtht -1.5=2.0 -1.0=2.1 -1.4%20
(0.46) (0.62) 10.48)
After birth (cord -0.1x1.4 1.0=1.5 0.6=1.4
blood) (0.94) (0.50) (0.68)
0~-15 Mo of age -5.0=2.1 -23=222 -4.022.0
(0.03) (0.30y Q.04
0-2 Yr of age -58=22 -24222 ~-4.6=21
(<0.0 10.28) (0.03)
0-3 Yr of age -57=224 -18=24 -4 822133
(0.0} 0.24) (0.04)
0-4 Yroof age -50=25 -33=25 -4.6224
(0.04) (0.18) (0.05)
0-7 Yr of age -43226 -23=26 ~317=25
10.10) Q.37 (0.14)

*The coetlicients were adiusted for all covanates shown in Table 3 Plus—minus vajues are
means =SE P values are shown 1n parentheses

*Blood sampies were obtained anienataily irom the mother

$This means that the eapected decrement 1n fuil-scale (Q associated with an increase n
average biood lead concentration from {0 to 30 ue per deciiiter 10 .48 1o 1.45 umoi per hier)
Junng ine first three years of life 13 5 3 poins 4 8 x (log|30] ~ log|10]) = .3

liter) in he blood lead concentration due to lead-expo-
sure-ab itement programs, there would be a net sav-
ing to scciety of approximatelv $2,000 per child, be-
cause tl:e need for clinical attention and remedial
education and the expense of lost productivity could
be avoided.?®

The fact that an inverse association between the
blood lead concentrations and abilities has been ob-
served longitudinally at the ages of two, four, and
seven vears within this cohort suggests that even a low
level of exposure to lead has an independent and en-
during effect on neuropsychological development in
childhood. From a public health perspective, the early
detection and abatement of lead in the environment
are highly desirable.

Table 5. Mean Age-Adjusted Subscale Scores and Estimated
Regression Coefficients for Lifetime Average Blood Lead Con-
centration up to the Age of Three Years.*

SURSCALE BLOOD LEAD Quaamite? CoerncienT
1 n mw w ESTIMATE P vaLuz

Informanon 11.7 122 11.2 10.5 —1.45+0.57 0.0t
Similanues 10.0 108 10.2 9.2 -0.90x0.62 0.14
Anthmetc 96 97 92 8BS -0.5120.63 0.42
Vocabulary 12,5 12,7 12.0 123 -0.44=0.51 0.40
Comprehension 100 96 96 9.2 -0.8820.54 0.10
Picture compietion 11.2 11.4 11.0 106 -0.15x0.45 0.74
Picture arrangement 10.2 107 102 99 -0.3420.60 0.56
Block design 1.6 12.0 10.8 102 -1.61=0.628 0.0!
Object assembly 114 11.7 11.4 109 -0.08=0.50 0.86
Coding 108 101 109 99 -0.22=0.53 0.66

*The coeificients were adpusied for school veas. age af tesung. and the covanates listed 10
Table 3. Plus-minus values are means =SE.

TThe lowest values are in the first Guartle. and the highes: values are 1n the fourth quar-
tle.

1TThis means that the expected decrement 1n the dlock-design wcore for an uncreane ta average
blood lead concentratson from 10 10 30 ug per dectister (0 483 10 |45 umol per liser) dunng the
first three vears of hife 13 1.8 pownts: 1.6 x (logf30) - logt10)) = 1.8
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We are indebted to the families who parucipated in this studv.

their doctors. the local hospital staff. and the nurse-interviewers

(Ms.

Barbara Hobson. Ms. Chris Mavromaus. Ms. Marv-Anne

Lange, Ms. Bronwen Morgan, and Ms. Louise Thomson); to the
stafl of the Department of Chemical Pathology, Adelaide Chil-
dren’s Hospital ( Ms. B. King. Mr. R. Oldfield. and Dr. A.C. Pol-
lard); to Ms. M. Padhve and Ms. A, Bartlett for data management:
and to Mr. C. Greeneklee. Commonwealth Health Department
Laboratory in Port Pirte.

[E]
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